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FATTY TISSUE ATROPHY OF FREE FLAP USED FOR
HEAD AND NECK RECONSTRUCTION

MASAKI FUJIOKA, M.D., Ph.D.,” KANA MASUDA, M.D., and YOSHINOBU IMAMURA, M.D.

Background. Many investigators have reported that microsurgical transplanted muscle shows a reduction in volume; however, changes in
the size of transplanted fatty tissue have not been studied. The purpose of this study was to describe the degree of fatty tissue atrophy of
microsurgical flaps. Methods. Nineteen patients who underwent head and neck reconstruction using free flaps between 2003 and 2008
were available for this study. They were divided into an irradiated (8 patients) and nonirradiated (11 patients) group. The free flaps used
for reconstruction were rectus abdominal musculocutaneous, anterolateral thigh fasciocutaneous, and forearm flaps. This retrospective
study utilized radiographs of magnetic resonance imaging or computed tomography, which were taken two to three and after six months
postoperatively. The fatty tissue thickness of free flaps in each magnetic resonance imaging or computed tomography slice was measured.
The transplanted fatty tissue thickness of the flap after more than six months was compared with the change in the normal fat thickness of
the same slice, to avoid any bias caused by a change in diet due to the general postoperative condition. Results. The thickness of trans-
planted fatty tissue tends to decrease over period of 6-10 months after surgery. In the nonirradiated group, the mean postoperative fatty
tissue thickness change in the free flaps was decreased by 15.9% (range, 0.3-31.4%). In the irradiated group, this change in the free flaps
was decreased by 20.9% (range, 2.3-39.4%). Conclusions. Fatty tissue in free flaps shows atrophy over a period of six to nine months af-
ter surgery, and irradiation is more likely to result in severer fatty tissue atrophy. © 2010 Wiley-Liss, Inc. Microsurgery 00:000-000, 2010.

Key words: fatty tissue atrophy; microsurgical free flap; head and neck reconstruction

Microsurgical flaps have become a standard technique
for head and neck reconstruction because they provide
not only the safe coverage of large tissue defects, but
also a cosmetically acceptable appearance.'™ It is well-
known that transplanted muscle shows a reduction in vol-
ume because of the interruption of muscle innervation.*
Flap atrophy is a disadvantage in all types of free flap.
On the other hand, fasciocutaneous flaps, which are com-
posed of fascia, fatty tissue, and skin, without muscle,
have been believed to allow tissue augmentation with the
restoration of symmetry without the problems of atrophy
and absorpticm.3 6 However, in our experience, even when
free flaps do not contain a muscle component, some free

fasciocutaneous flaps tend to undergo atrophic changes

(see Fig. 1).

We performed a retr(;)spe'c'tivévstudy to investigate the

degree of fatty tissue atrophy after head and neck recon-
struction using free flaps.

PATIENTS AND METHODS

Ninety patients underwent head and neck reconstruc-
tion using free flaps between 2003 and 2008 in our medical
center. Among these patients, 19 with a mean age of 50
years (range, 2674 years), could be followed long-term,
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and their examination data were available for this study.
Of these patients, eight received a total dose of 50-62 Gy
during radiotherapy for cancer at two to nine weeks post-
operatively, and all free flaps were within the radiation
field. These eight patients were designed as the irradiated
group, and the other 11 were designed as the nonirradiated
group. In the irradiated group, causes and locations of
defects were mesopharyngeal (three patients), tongue (two
patients), oral (one patient), palatal (one patient), and epi-
pharyngeal (one patient) cancers. The free flaps used for
reconstruction were rectus abdominal musculocutaneous
(RAMC) (four patients), anterolateral thigh fasciocutane-
ous (ALTFC) (two patients), and forearm (two patients)

- flaps. In the nonirradiated. group, causes and locations of

defects were me opharyngeal (four patients), tongue (two
patients), oral (one patient), palatal (one patient), hypo-
pharyngeal (one patient), and epipharyngeal (one patient)
cancers, and maxillary neuroblastoma (one patient). The
free flaps used for reconstruction were RAMC (seven
patients), ALTFC (three patients), and forearm (one
patient) flaps. In the surgical procedure, the maximum du-
ration of ischemia (from flap harvest to recirculation after
vascular anastomosis) was two hours. No flaps were rein-
nervated during transfer. All flaps survived successfully
without necrosis or infection.

Magnetic resonance imaging (MRI) or computed to-
mography (CT) of the head was carried out in all patients
at 2-3 and 6-10 months postoperatively. The first fat
thickness measurement was performed at 2-3 months af-
ter surgery to avoid the effect of soft tissue swelling
caused by postoperative inflammation. Fatty tissue thick-
nesses of free flaps in each slice were defined and meas-
ured, and we evaluated the degree of atrophy. Measure-
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8 months after surgery

Figure 1. Photographs show the change in fatty tissue thickness of a free anterolateral thigh flap used for reconstruction after neuroblas-
toma ablation. Left forehead at eight months postoperatively showed depressive deformity due to the patty tissue atrophy (arrow). [Color
figure can be viewed in the online issue, which is available at www.interscience. wiley.com.]

Figure 2. MRIs show the change in fatty tissue thickness of a free anterolateral thigh fasciocutaneous flap used for reconstruction after
mesopharyngeal cancer ablation. The fatty tissue thickness of the free flap in the early phase (A) and that in the late phase (A'), the nor-
mal fat thickness in the early phase (B) and that in the late phase (B') were measured.

ments were performed using a measurement device in-
stalled with an image display monitor (Toshiba TFS-01
Image Viewer(DV-R), Toshiba Co. Ltd., Tokyo, Japan).
The average values of three measurements taken by the
same investigator were adopted. The center of fatty tissue
in the flap was decided on as the point of measurement.
The change in the normal fat thickness, which could be
observed in the same slice of fatty thickness measurement
in the free flap, was also measured as a control (see
Fig. 2). To avoid an influence (bias) of nutrition due to
change in postoperative physical condition, the fatty tis-

Microsurgery DOI 10.1002/micr

sue thickness of the graft at six months or later was cor-
rected based on changes in normal fatty tissue, i.e., Cor-
rected transported fatty tissue thickness measured in the
late phase (mm) = transported fatty tissue thickness
measured in the late phase (mm) X normal fatty tissue
thickness measured in the late phase (mm)/normal fatty
tissue thickness measured in the early phase (mm).
Changes in the fatty tissue thickness of the free flap
% = (Fatty tissue thickness of the free flap in the late
phase with correction in the early phase (mm) — Fatty
tissue thickness of the free flap in the early phase (mm))/

AQl
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Figure 3. Changes in the fatty tissue thickness of the free flap
and normal tissue (with/without irradiation). Numbers in the graph
indicate utilized free flaps. Number 1 indicates RAMC flap, 2 indi-
cates ALTFC flap, 3 indicates Forearm flap.

Fatty tissue thickness of the free flap in the early phase
(mm). L
Changes in the fatty tissue thickness of the free flap

in the early phase and those in the late phase with correc-
tion were evaluated in this study. Statistical analysis was
performed using the Willcoxon rank sum test to deter-
mine the significance of postoperative changes in fatty
tissue thickness with/without irradiation. Significance was
assumed at P < 0.05.

RESULTS

The mean fatty tissue thickness of the transported
free flap at 2-3 months was 29.1 mm (range, 11.9-46.3
mm), and that at 6-10 months postoperatively was 24.5
mm (range, 7.2-41.8 mm). The mean postoperative fatty
tissue thickness change in all free flaps was by a 19.9%
decrease (range, 0.3-39.4% decrease). The mean fatty tis-
sue thickness of the normal skin at 2-3 months was 8.7
mm (range, 4.3-13.0 mm), and that at 6-10 months post-
operatively was 8.4 mm (range, 4.2-12.5 mm). The mean
postoperative fatty tissue thickness change in normal fat
was a 10.0% decrease (range, 0-20.0% decrease). In the
nonirradiated group, the mean postoperative fatty tissue
thickness change in the free flaps was decreased by
15.9% (range, 0.3-31.4%). In the irradiated group, this
change in the free flaps was decreased by 20.9% (range,
2.3-39.4%). The results of both groups showed that fatty
tissue in the free flap reduced in volume, and irradiation
was more likely to result in fatty tissue atrophy (Figs. 3
and 4). However, there was no significant difference in
the thickness reduction between the groups (P > 0.05).
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Figure 4. Changes in postoperative fatty tissue reduction of the
free flap and normal tissue. (with/without irradiation). [Color
figure can be viewed in the online issue, which is available at www.
interscience.wiley.com.]

DISCUSSION

Microsurgical flap was facilitates the restoration of

-extensive soft-tissue defects of the head and neck in a

one-stage procedure.>’ However, these useful free flaps
usually -undergo long-term volume reduction mainly due
to muscle atrophy. Flap atrophy is a disadvantage, as it
i :deformity and an asymmetric appearance. Many
; legree and mechanism of

n. free ‘flap. la-Kotola et al. evaluated
a number of 15 postoperatlve microsurgical muscle ﬂaps
and concluded that the free flap volume clearly declined.”
Wolff and Stiller studied the atrophy of free muscle flaps
in a rat model, and concluded that signs of muscle atro-
phy could already be detected in the third postoperative
week.” However, these findings occurred in the muscle
flaps, and studies on fatty tissue atrophy are rare. Free
fasciocutaneous flaps, containing no muscle component,
have been recommended to avoid facial deformity and
asymmetry caused by delayed flap atrophy. Especially,
this flap is usually chosen for esthetic facial contour
reconstruction because it is believed that fatty tissue in
the free flap barely undergoes atrophy, facilitating stable
long-term results.”® However, we have noticed that fas-
ciocutaneous flaps may also show atrophy.

Generally, a decrease in the fatty tissue volume
results from chronic dieting. Most patients evaluated in
this study lost body weight after surgery, probably
because of an acute decrease in the dietary intake. Under
these conditions, body weight loss occurs mainly due to
muscle atrophy, not fat atrophy. Thus, we measured the

Microsurgery DOI 10.1002/micr
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normal fat thickness as a control instead of using the
body weight or BMI. We believe that the direct meas-
urement of the normal fat thickness would be a more
appropriate control to avoid any bias caused by a change
in diet.

Our study revealed that postoperative nonirradiated
fatty tissue in free flaps showed a reduction in thickness
of about 16%, although efficient circulation was supplied
to the flaps after surgery. It is well-known that the com-
bination of endarteritis and chronic ischemia caused by
radiation lead to tissue atrophy.>!® Thus, the degree of
atrophy of irradiated fatty tissue in the free flap is more
severe (about 21%) than that of nonirradiated tissue.

Regrettably, we did not clarify the mechanisms of
fatty tissue atrophy, which probably involves innervations
for the flap, direct tissue damage during surgery, or the
2-hour ischemia.

CONCLUSION

Our study revealed that postoperative fatty tissue in
the transferred free flaps reduced in thickness by about
16% in the nonirradiated group and about 21% in the
irradiated group, over a period of 6-10 months after sur-
gery, although our findings are limited by the small series
of patients and lack of a longer-term follow-up beyond
10 months. Microsurgeons must be aware of postopera-

Microsurgery DOI 10.1002/micr

tive flap atrophy in order to achieve a satisfactory appear-
ance on employing head and neck microsurgical recon-
struction or augmentation.
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ORIGINAL ARTICLE

Linear-Type Orbital Floor Fracture With or Without
Muscle Involvement

Hiroki Yano, MD, Yuichi Suzuki, MD, Hiroshi Yoshimoto, MD,
Ritsuko Mimasu, MD, and Akivoshi Ilirano, MD

Abstract: ‘The indications for surgical repair of the orbital blowout
fracture arc controversial. One reason may be case variation among
fracture tvpes. We therefore focused on lincar-type blowout fractures
in this study. The study included 22 consccutive patients with lincar-
tvpe floor fracturcs. Demographics, clinical and computed tomo-
graphic (CT) findings, surgical timing, postoperative course, and
outcome were evaluated. Surgery was performed in 14 patients with
diplopia but not cnophthalmos. Five patients with severe verti-
cal diplopia were defined as *missing rectus™ by CT findings, Residual
diplopia remained in 2 patients with “missing rectus,” whereas the
other 20 patients completely recovered eye motility. In the 9 patients
without muscle entrapment, diplopia disappeared within 4 weeks
after operation. However, recovery in patients with “missing rectus™
took more than 1 month. Thus, the CT finding with or without muscle
involvement was crucial for the lincar-type blowout fractures. A
comprchensive and timely decision based on clinical and radiologic
findings is indispensable for satisfactory management as well as
postoperative rchabilitation.

Key Words: Blowout fracture, lincar fracture, missing rectus,
postoperative rehabilitation, Bell phenomenon

(J Craniofac Surg 2010:21: 1072- 1078)

M anagement of orbital blowout fracture was relatively conser-
vative,"? it but has recently shified 1o favor early surgical
repair. * In this decade, it has been widely accepted that surgical
intervention should be performed carly in patients with “white-
cyed™ blowout fracturcs, severe oculocardiac reflex. and entrapped
orbital contents.” Surgical procedures at a later stage cannot prevent
ischemic damage, and the formation of excess scar tissue causes
postoperative complication.” More rcccnllv there has been a return
10 the conservative view of surgery,™ rendering its indication and
timing unclear. These fluctuations in management may result from

From the Department of Plastic and Reconstructive Surgery, Nagasaki
University School of Medicine, Nagasaki. Japan.

Received February 16. 2010.

Accepied for publication February 25, 2010,

Address comrespondence and reprint requests to Hiroki Yano, MD.
Depanment of Plastic & Reconstructive Surgery. Nagasaki University
School of Medicine, 1-7-1 Sakamoto. Nagasaki 852-8102, Japan;
E-mail: h-yano{i:netnagasaki-w.ac.jp

This work was supported in part by a grant-in-aid for scientific rescarch
from Nagasaki University, Nagasaki. Japan.

The authors report no conflicts of inlerest.

Copyright + 2010 by Mutaz B. Habal. NMD

ISSN: 1049-2275

DOL: 10.1097/SCS.0b013¢3181¢20647

1072

Copyright ©

the pathologic complexity of the blowout fiacture. Surgical repair
for this injury aims to reinstate the orbit with cnophthalmos and
10 restore diplopia. Enophthalmos may result from expansion of
the orbit and/or atrophy of the orbital content.” Diplopia may re-
sult from deformity of the orbit (causing positional changes of
the muscles),'""! .1dhc<1vc impingement of the content (disturbing
ocular excursion),™'" and impairment of the x.ommumg muscle
{resulting from neurogenic or myogenic palsy).'" Because living
organisms have the adaptability to compensate for functional de-
feets, the problems noted above, especially diplopia. may be ame-
liorated with time.

Because the pathologic finding of blowout fractures varies
among cascs, management cannot be determined solely by the timing
of surgery. The indication for surgery must also be detined m.uordmg
to clinical findings and fracture types.'® Therefore, the aim of this
study was to bring the management coneept into shamper focus for
lincar-type blowout fractures, especially with regard to postoperative
course. We attempt to clucidate pathologic natures of this type of
fracture and propose a postoperative remedy.

PATIENTS AND METHODS

The medical records of 103 consecutive patients of purc-type
blowout fractures presented in our department from 2002 to 2007
were examined. Fractures of 22 patients were classified as lincar-
type fractures of the orbital floor by computed tomographic (CT)
findings. Demographics, clinical and CT findings. surgical timing,
purpose and procedure, postoperative course, and outcome were x-
plored. [n this study, “missing rectus™ denoted patients for which
coronal CT findings revealed minimal or no inferior rectus muscle
density that could be confirmed above the floor.""™ For linear frac-
tures, “missing rectus”™ indicates that the muscle is firmly and tightly
entrapped in the fracture site and hemiated 1o the sinus.

Surgical Procedure

Surgcr} was electively applied depending on the clinical and
(@) hndm;__s * The periosteum was sharply incised and retracted
from the rim through an extended subciliary incision. After a lincar
fracture with entrapment of orbital contents was identified, the her-
niated tissue was carcfully retrieved by cutting out the floor with a
finc ostcotome. So as not to further damage the tissue, we did not
withdraw it from the slit but rather scooped the herniated tissue out
from the hole. ‘The orbit was then reconstructed by bone graft. Be-
fore skin closure. the release of impingement was contirmed by
comparing preoperative and postoperative forced duction tests to
avoid iatrogenic gaze restriction. Finally, the incised periostcum was
sutured, the skin was closed, and a drain was sct in place.

Postoperative Rehabilitation

At 2 or 3 days after the operation, as swelling and pain grad-
ually disappeared, patients could usually obtain a focused field in
binocular vision, although this ficld might be narrow in the begin-
ning. Aftercare was then initiated to cxpand the focused field: for
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Lnear-Type Orbital Floor Fracture

exampie, chasing a slowh moving finger 1o the periphery of the fickd
and gazing at a distant point w h,!l hending and stretching the neck.
However, m severe or juvenile patients. it was sufficiently ditficuit
o exercise binocular vision a1 the start. so 4 monocuius was appiied
1o the unaffected eve. This methed atiowed patients 1o ehieit motion
of the affected eye inthe carly stages while we paid close attention
10 the possible cause of amblyopia.

Data Analysis

Ocuiar motility was graded on 3 seales ™ The correlation
cacthicient for upgaze and downguze preoperative motidity was
obuiined using simple regression analysis. Dafferences i preoper-
ative maotility, with or without missing rectus in CT findings.

were analyzed inoeach upgaze and downgaze with the wse of

the Mann-Whitney {7 test. Simple comparisons of time to surgery,
with or without missing rectus. were performed using Student
¢ fest. Stati i «sis was applied using Microsoft Exeel
2003 (http:ZFoffice.microsott.com), with Stateel2 add-in software
httpr/www.oms-publeo jpiexl0]l howteO1 hioml).

RESULTS

For the 22 linear-type blowout fractures, the mean age of
patients was 143 veurs, ranging from 6 1o 45 years. Highteen
patients were males and 4 were !rnm]u Fractures were due o sports
injuries in 9 patients, followed hy falling in 6, assaultin 4, and tatfic
accidents in 3. Mean time from injury 1o presentation was 4.035 days.
ranging from 0 to 20 days. Four patients presented numbness of
the infraorbital nerve arca. In 4 patients, except for C71 findings,
any clinical findings for further treatment were not observed at
our presentation. The other 4 patients showed nuld upgaze restric-
tion that spontancously disappeared during the next few days while
patients were under observation. No enophthalmos was observed
in the Enear finctuyes.

Fourteen patients underwent surgical intervention to treat
diplopia (Table 1), The extent of preaperative vertical yestriction

(1} L5
O missing rectus (+)
O missing reeus (-1
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FIGURE 1. Scatter diagram of preoperative ocular motility on
upgaze and downgaze in 14 patients who underwent surgery.
The simple regression line is indicated in green (r= 0.730,
P < 0.003). Red circles denote patients with “missing rectus,”
and blue circles denote patients without “missing rectus”
in CT findings. (With missing rectus versus without missing
rectus: upgaze £ = 0.0093 and downgaze P = 0.0027 by
Mann-Whitney U test.)

vared among patients (Fig. 1), In contrast 10 textbooks, upgaze
restriction was not clearfy dominant as compared with downgare
among our patients (v~ LOLy ¢ 0, s()) Ocular mnnim was wrmu«x\’
affected I 3 patients with “miss rectus” as revealed by CT

findings. Upgaze and downgaze festrictions were more severe in
patients with missing rectus compared with those without. The mean
time from injury W surgery was 9.7 days. ranging from 0 to 24 duys,

TABLE 1. Clinical Summary of 14 Patients Who Underwent Surgery

CT Findings

Cause Fracture MR

Time to Complaint

PPatient No, Age,y Sex Presentation, d Enophthalmos Diplopia
| 109 M Sports Linei 1 ’ - i
2 &4 M Assanlt Lineay - 3 =
3 243 M Sponts Linem == 0 = i
4 9.1 g Faliing Linewr = 2 == ;
s 11.2 M Falling Lincar - 10 = i
6 17.0 M Sports Linvar - 7 - i
7 16.4 M Assanlt Lincar 2 - ;
3 18R M Sports Lineay = | = j
Y 9.8 M Sports Linear - | 5 !
10% 6.9 F Sports Lincar 20 - i
B 10.9 M Sports Lincor - 4 ® {
12 87 M Failing Linear ] - ;
13 7.6 M Falling Linear - 7 - i
14 9.8 M Falling Lincar 2 - i
*Maotility: 0. poymal meuliee: - omild restriction; 2. moedert 3.oseveres <l ne motility,
FOne gy more sorgeries were dine to release aidhesion after the first operation, b diplopia persisted as 0 sequel
2Dt for patient 10 were based on the first opertion at the previous hespitil,
BO indicates bone graft: F, female: M. male: MR missing rectus: OR. open reducten of the content: V2, mivserbicd neree,
2000 Muraz B Hahal. MD 1073

5
f

Copynght €7 2010 Mutaz B Habal,

D Unauthonze

reproducton of




Yana i al

The Journal of Cranjofacial Surgery = Volume 21, Number 4, July 2010

TABLE 2. Time to Surgery From Injury With or Without
Missing Rectus

Time 1o Surgery, d

Mean*® Min Max Sbh Median
Missing rectus (1) 7.8 0 24 943 s
Missing rectus (=) 10.8 3 16 30 1

P 0397 by Stdent 1 test

There was no dificrence berween patients with or without missing
rectus with regard 10 time 10 swigery (Table 23 However, in this
series, because somie patients were referred 1o us several davs after
the injury, the timing of surgery varied. No patient worsened afier
surgery. Residual diplopia remained only in 2 patients with “missing

rectus.” These patients underwent surgery of 8 and 24 davs, Fach of

the 20 other patients exhibited completely improved eve movement.

The time from surgery 1o recovery is summarized in Figure 2. OF

14 patients who underwent surgery, 10 fuily recovered within
I month. Patients without missing rectus also compietely recuper-
ated within 4 weeks. Conversely, in the patients with missing rectus,
recovery took 4 weeks or more: gaze restriction yemained in
2 patients, One patient with residual diplopia is deseribed in the next
paragraph. Another showed degeneration in and around the inferior
rectus mscle on magnetic resonance images 6 months after surgery
(Fig. 3). Perimuscular fissue disscetion was performed. but the
results did not satisfy the patient.

Surgery was performed in 3 of 4 patients who presented with
numbness of the infraorbital nerve. One patient experienced numb-
ness afler surgery: the numbness was temporal and disappeared

without further intervention.

Patient 10: With Missing Rectus and Sequelae
A b-year-old gir] experienced o bruise on her right eye and
was previously referred to a surgeon for diptopia 20 days afier injury

- missing rectus (+
- missing rectns (-)

ﬁ,' - 1n l

<IWIW W W AW W AW RW Y sequelar

time Lo free gazé restriction after surgery
FIGURE 2. Time of surgery to recovery. Red bar indicates
patients with “missing rectus,” and blue indicates patients
without “missing rectus” in CT findings. In patients without
“missing rectus,” diplopia dissolved within 1 month, but in
patients with “missing rectus,” diplopia was protracted more
than 4 weeks.

case number

{Fig. ). Surgical correction and bone grafiing were performed
24 days affer injury. but the vertical restriction of eye movement
persisted. The surgeon then referred her 1o us for further trestment of
diplopia 3 months afier surgery. We performed surgery to release the
adhesion around the inferior rectus muscle, reconstructed again
the floor with a large bone graft, and applied waction 1o the muscie
for o week. Ductions improved, but diplopia continued: however,
dipiopia was not serious enough to warrant strabismus surgery. The
CT scans obtained just afier injury were checked carefully at a later
date and showed missing rectus with a minimally dislocated linear
floor fracture.

Patient 14: With Missing Rectus,
Without Sequelae

A G-year-old boy was injured in the right eye afier falling
from a tree (Fig. 5). The patient visited o local ophthalmologic clinic

Motility* Numbness
Up Down Time to Surgery. d Surgery Time to Recovery Before Surgery After Surgery
-3 -4 8 OR 1 BG Sequeta® v -
-1 0 12 OR ¢ BG 4w - -
0 =} 10 OR 1 BG I w L V2
=2 1] 10 OR ¢ BG 2w - -
-1 0 16 OR 1 BG I w -
- -1 12 OR + BG 4w \2 =
=2 -3 5 OR « BG 4w V2 V2
-1 =] b OR 1 BG 2w o= V2
- 0 s OR 3d -
=2 -3 24 OR 1 BG Sequelat - -
w5 11 OR 1 BG 4w - -
-3 v 0 OR 1 BG Hw -
-1 0 I3 OR ¢ BG 4w - -
-4 -3 2 OR + BG 12w -
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FIGURE 3. Magnetic resonance images 6 months after
surgery (short tau inversion recovery [STIR, A] and
T1-weighted image [B]). Surgery was performed 8 days after
injury, but restriction of the eye movement continued.
Herniation was reduced, but fibrous degeneration was seen in
and around the inferior rectus muscle. After that, dissection
was performed to release the fibrosis, but diplopia persisted.

because of severe diplopia without nausca or vonuting, The ophthal-
mologist referred him o us with suspicion of & blowout fracure. The
referral was not wrgent, and the patient visited us as a typical outpatient
2 days after the injury. The vertical restriction of the right eye move-
ment was severe, and CT revealed a musele mearceration within o
finear fracture. HEmergency surgery was performed 1o yescue the
missing rectus on the same day. Although the forced duction test aties
bone grafting revealed good excursion, motility of the vight eye was
nitially discouraging. We dvised the patient 1o wear a monocuiug on
the lefteve tor | hour, 3 tmes a diy, Motility was slowly but definitely
recovered: recovery was completed at 12 weeks after surgen.

DISCUSSION

Blowout fractures icad o 2 disorders: enophthalmos, which
affects aestheties, and diplopia. which impedes function. s general,

2000 AMiiaz B Habal, AD

enephithaimos progressively worsens and ddiplopia giaduatly ime
proves over ime. The pathojogic findimg of these 2 disorders i
ted. and Hving organisngs have the adapiabilinn 1o com-
punsate for functionid detects. We theretore foassed on the Bnear-
1vpe blowout fiucture,

In this study, surgeries were performed in 14 of 18 patients
with diplopia at presentation. and aimost all were performed for the
remaining diplopia within 2 weeks. Surgeries were performed within
2 weeks because. with this tvpe of tacture, diplopm improved littie
through severad duys of observanion. As many publications about
trapdoor fractures have mentioned. ™" ™' the lack of a spontancous
cure can attrbute 1o mechanical interferences, such as entrapment
Entapment i linear-type blowout fractures may rosult in changes
that are more focally vulnerable than in other types of fracturcs.
Vaken together. these results indicate that the primary pathologic
finding of fincar-type blowout fracture is dyskinesia resuiting from

FIGURE 4. Patient with missing rectus and persistent diplopia.
Surgical intervention was performed 20 days after injury,

but the vertical restriction of eye movement persisted. The
patient was referred o us for further treatment after 3 months.
A, Eye movement before our operation. Motility was ~1 in
upgaze and ~ 2 in downgaze. B, Just after our operation. After
perimuscular dissection, we applied traction to the inferior
rectus muscle for 1 week. C, Caronal CT scan after operation.
The floor was reconstructed with a large bone. D, Eight
months after our surgery. Motility improved (upgaze, —1;
downgaze, ~1), but diplopia continued. E, The CT scans
just after injury. The right inferior rectus muscle disappeared
above the floor,
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FIGURE 5. Patient with missing rectus but without sequelae.
2, Coronal CT scan before surgery. The right inferior rectus
muscle partially disappeared above the floor. b, Preoperative
gaze restriction (upgaze, —4; downgaze, - 3). Two days
after injury, the patient presented with a blowout fracture and
underwent an emergency operation. The patient did not
experience nausea or vomiting from the time of injury until our
inspection. ¢, Two weeks after the operation. Supraduction
was well recovered, but infraduction was poor. A monoculus
was worn on the left eye for 1 hour, 3 times a day, to exercise
the affected right eye (upgaze, —1; downgaze, - 3). d, Eight
weeks after the operation (upgaze, 0; downgaze, —1).

e, It took 12 weeks until the vertical restriction subsided.

adhesive impingement of the content or impairment of the con-
tracting muscle,”!

Among the patients included in this study. those with & or
24 days between the in]un' and surgery displayed residual diplopia,
Other patients with 0, 2, and 5 days between injury and surgery
displaved full recovery, Although the eritical threshold seems to fall
between 5 and 8 days. the degree of injury. as well as the time to
surgery, is an important factor that determines the severity of re-
sidual diplopia, Computed mmo;..mplm nnugmoi p.lt}un 12 did non
reveal a fracture but did indicate a missing rectus™: thus, muscle
damage was estimated to be greater than that in patient 14, Inter-
estingly, aithough diplopia in patient 12 disappeared through a
G-week rehabilitation, diplopia in patient 14 did not disappear after
12 weeks. However, even in patient 12, diplopia took more than
4 weeks to heal, These results imply that the damage already pre-
senls at mJum " and carly surgery prevents spreading it {ie, scar
adhesion) around the fracture. As in myvocardial mfiarction, it dam-
age is minimal and appropriate management is undertaken in a
timely fashion, the remuaining healthy muscle compensates for

1076
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dnmage-retaed detects. In blowowt fic nmm fortunately, muscle
entrapment - the fnear fracture s e, ™ 1 musele entrapment
is observed, it invalves only Himited portions of the muscle, Jeaving
more than half'of the muscle bell Iy st intaet,” Some advocate enrly
SUTEeTy 10 prevent ischemic alterations of an impinged muscle. "
However, becanse musele ischemia becomes irreversible within
hours, it may be nes ui\ impossible to perform the operation after
detinitive dingnosis ™" We believe that blood flow may not be
completely absent in muscles entrapped in blowout fractures.
Regions of ischemic necrosi s and unstable regions such as the zone
af stasis i thermal trauma™ may coexist around the fracture site.
Therefore, because Missing rectus recovery is ime-consuming, early
surgeny and carly rehabilaation are indispensuble for such fractures.
However, persistent gaze restriction might be unavoidable for
patients with severe muscle damages beyond a critical point even
with an wrgent surgery. \hhough surgery for missing rectus is time-
infensive. the procedure for Hnear fractures must bc simpler than in
ather types hecanse dissection around the infraorbital nerve is rarely
required Jlld the orbital buttress remains intact in most linear-type
fractures.

During the postoperative course of sonie blowout fractures. a
paradoxieal eye movement was ohserved (Fig. 6). This odd phe-
nomenon wis observed during the early postoperative phase. Afier
dissolving the impingement in the fracture by surgical intervenion,
tmay result from compensation or disturhance of the afferent ner-
vous signaling by stretch receptors™ > in the orbit. In patients with
missing rectus, carly effective rehabilitation ts important for fully
recovered ductions becanse infraduction restriction initially remains
serious despite the removal of mechanical interference. When bin-
ocular vision exercises are difficult for severely injured or juvenile
patients, a monoculus on the unaffected eye during the carly phase
of postoperative recovery may help to rehabifitate the affecied eye
motion while avoiding amblyepia in children,

In any type of blowow fracture including medial wall frac-
tures, vertical gaze, especially upgaze, impairments are more com-
mon than fateral gaze restriction. Linear-tvpe or closed wapdoor
fractures may be frequent in the floor because of the structural dif-
ferences in the paranasal sinuses (ethmoid cells vs maxillary sinus).
This specificity may also be related 10 the Bell phenomenon at injury

FIGURE 6. Paradoxical eye movement after the blowout
surgery (patient 12; 3 days after surgery). Supraduction of
the affected eye was superior to that of the intact eye in the
early phase after surgery. This overactivity of the affected side
was also occasionally observed in the late phase after surgery.
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FIGURE 7. Role of Bell phenomenon in the linear-type
blowout fracture, A, Almost all patients closed their eyes firmly
atinjury, and the supraduction caused by Bell phenomenon
results in lengthening of the inferior rectus. The muscle is
brought to the front of the eye and to frequent sites of
fractures. B and C, After breaking the floor, the muscle is
herniated through the fracture site. Then the door is closed
by the force of its elasticity. More damage may occur on
closing the trapdoor by the returning force that may assist
closing the door when the eye returns to the normai position.
(For a better understanding, the fracture line is depicted in
the coronary direction. Clinically, most linear-type fractures
in the floor occur in the sagittal direction.)

(Fig. 70.7% Almost all patients with blowout fiactures have experi-
enced blunt injuries and are therefore forced to close their eyes
firmly just before injury. Closing the eyes results in supraduction
{Bell phenomenon), which lengthens the inferior rectus and brings
the muscle in front of the eyes equatorial plme. If fracture occurs
under the musele leading to hemiation through the fraciure site,
more damage may oceur on closing the trapdoor when the eyve
retums to the primary position. The returning force may assist in
closing the door, which may hecome Jodged and damage itself at the
fracture edge. In addition, Niff et al'! reported that the inferior rectus

musele near the apex was delicate in camparison fo the denser

connective tissue around the muscle at its global insertion. Sone
reports have noted muscle swelling on the floor without the identi-
fication of missing rectus in CT findings." ¥ The reetus may be
damaged on return to the primary position. similar 1o degloving
injury. This can occur in any fractures with sharp edges. However,
because punched out or burst-type fractures may result in orbital
decompression in a sense, carly reconstruction of the floor in such
cases may worsen the swollen muscles by a surgical invasion in
addition to posttraumatic stress. '

2010 Mutaz B Habal, MD
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In conclusion. in patients without “missing rectus,” surgery
for diplopia in fincar-type blowout fractures can be postponed for
several davs until swelling has decreased. This is becanse orbital
surgeries are techmeally casier afier the swelling has subsided and
planned surgeries are preferable with regard o cconomics con-
siderations, ™= In patients with “missing reetus,” surgery should be
performed  immediately 10 save unstable regions of the orbital
muscle becanse recovery time and sequelae were correlated 1o both
degree of the damage and time o surgery. A comprehensive and
timely decision based on clinical and radiologic findings is required
tor a satisfactory munagement. It surgeons waver in their decision
regarding borderline findings, such as in patients with severe vertical
restriction but unclear missing rectus on CT images. currently, sur-
gery should be performed immediately for lincar-type fractures.
Compared with other tvpes of fractures, the lincar-type blowout
fracture less frequently exhibits spontancous healing. Surgery will
be needed, whether the patients are observed for several days, in this
type of fractures.
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Abstract A 47-year-old woman who had been treated for
systemic lupus erythematosus (SLE) with myasthenia gra-
vis (MG) was admitted to our hospital with acute onset of
severe anemia after administration of isoniazid. Pure red
cell aplasia (PRCA) was confirmed by elevated serum iron
levels, reticulocytopenia and bone marrow aspiration show-
ing a remarkable reduction of erythroblasts. Finally, cyclo-
sporine A successfully improved PRCA. Although both
SLE and MG have the potential complication of PRCA, we
report here a case of isoniazid-triggered PRCA.

Keywords Pure red cell aplasia - Isoniazid - Systemic
lupus erythematosus - Myasthenia gravis - Cyclosporine A
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Introduction

Pure red cell aplasia (PRCA) is an uncommon hematologi-
cal disorder [1]. Severe anemia in PRCA is associated with
a marked reduction of reticulocytes and an absence of
erythroblast in bone marrow [1]. Although primary PRCA
is a chronic hematological disorder, secondary PRCA can
be caused by viral infections, autoimmune disorders or
drugs [2]. Autoimmune disorders such as systemic lupus
erythematosus (SLE) and myasthenia gravis (MG) compli-
cated with thymoma are occasionally reported to be predis-
posed to PRCA [3]. A possible cause is drug-induced
PRCA which is reported in up to 5% of cases. Here, we
report a rare case of isoniazid-triggered PRCA in a patient
with SLE and MG.

Case report

A 47-year-old woman had been diagnosed with SLE and
was treated with 20 mg of oral prednisolone in 1995.
Although she was taking 2 mg of oral prednisolone daily,
she developed ocular type MG with right blepharoptosis
that showed a positive tensilon test and positive acetylcho-
line receptor binding antibodies, without thymoma.
Because she experienced diplopia, she began taking
180 mg of pyridostigmine bromide, 10 mg of oral predniso-
lone and 200 mg of mizoribine in 2001. As of 2006, she
was taking 3 mg of tacrolimus and 11 mg of oral predniso-
lone daily. Because her mother died of pulmonary tubercu-
losis, she began taking prophylactic isoniazid on 26th
September 2008. On 4th October she became extremely
fatigued and had heart palpitations while walking the dog.
Upon admission to the hospital, she became fatigued with a
low-grade fever and was breathless with exertion.
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Her hemoglobin level was significantly reduced from
10.8 g/dl on 3rd September to 5.8 g/dl on 24th October
(Fig. 1) with remarkable reduction of reticulocytes (1,000/
ul; normal, 25,000-75,000/pl), normal leukocyte and plate-
let counts. An increase in serum iron (225 pg/dl; normal,
48-154 pg/dl) with a decrease in unsaturated iron binding
(13 pg/dl; normal, 108-325 pg/dl) was found along with
normal haptoglobin levels (70.3 mg/dl). Serum folic acid
and vitamin B12 levels were within normal limits. IgM and
IgG antibodies specific for parvovirus B19 and hepatitis B
antigen were negative. Furthermore, both parvovirus B19
and Epstein—Barr virus deoxyribonucleic acid was not
detected by polymerase chain reaction. Serum IgG and anti-
double stranded deoxyribonucleic acid antibodies were ele-
vated to 2,030 mg/dl (normal, 870-1,700 mg/dl) and
88.4 U/ml (normal <12 U/ml) with reduced complement 3
(59.8 mg/dl; normal, 65-135 mg/dl) and normal C-reactive
protein (0.04 mg/dl; normal, <0.17 mg/dl). Chest computed
tomography in September 2008 showed neither thymoma
nor swelling of the lymph nodes.

Because acute progression of anemia was observed
immediately after taking isoniazid, its administration was
ceased on 24th October. To conduct the hematological differ-
ential diagnosis, bone marrow aspiration was performed on

2008

2001

g (( 4 2006

((

Sep.2 Oct.24 Nov 1l Dec19 Jan13

29th October, resulting in the diagnosis of PRCA according
to Casadevall criteria [4] accompanied by a decrease in
erythroblast. In addition, no malignant cells were observed
with normal myeloid cells and megakaryocytes. Although
nine cycles of red blood cell transfusion were performed,
administration of daily cyclosporine A (CyA) was required
due to the protracted recovery of PRCA. When a trough
level of 157.3 ng/ml was reached using 300 mg of CyA, the
hemoglobin and reticulocyte counts were gradually
improved without blood transfusion (Fig.1). On 20th
February 2009, reticulocyte counts reached 147,000 with a
concomitant improvement of serum iron levels to 130 pg/dl
and hemoglobin levels to 8.3 g/dl.

Discussion

Liver dysfunction and peripheral neuropathy are known to
be common adverse side effects of isoniazid; however,
isoniazid-induced PRCA has been rarely reported. Some
reports [5, 6] showed isoniazid-induced PRCA which was
rapidly improved by withdrawal of the drug. Erslev et al.
[7] previously reviewed the pathologic condition of
PRCA, in which they listed 26 drugs as causative agents

2009
Feb 2 Feb 20

((
Y )) & )) )
Diagnosis of SLE Diagnosis of MG

TAC 300mg
(mg/day)
CyA trough level (ng/ml) 72 613723 1573
200 mg
INH
(mg/day) [l

Blood transfusion ﬂ ﬂ ﬂ ﬂﬂ J\ll ﬂ ﬂ

12

g/dl 10

4
2
0

Fig. 1 Clinical course of pure red cell aplasia (PRCA) of the patient
with systemic lupus erythematosus (SLE) combined with myasthenia
gravis (MG). The patient was pretreated with 11 mg of oral predniso-
lone and 3 mg of tacrolimus for SLE and MG. Immediately thereafter
she took 200 mg of isoniazid and severe anemia appeared with remark-
able reduction of reticulocytes, which was confirmed as PRCA by bone
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marrow aspiration. Since discontinuation of isoniazid and repeated
blood transfusions were not effective for recovery of anemia, cyclo-
sporine A (CyA) was substituted for tacrolimus. After the trough level
of CyA reached 157.3 ng/ml, the reticulocyte and hemoglobin levels
were recovered without additional blood transfusions. PSL predniso-
lone, MZR mizoribine, TAC tacrolimus, JNH isoniazid
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including isoniazid for PRCA. Although the detailed
mechanism of drug-induced PRCA remains unclear,
diphenylhydantoin, an anti-epileptic agent, was shown to
be a possible inducer of PRCA through a specific anti-
body toward the agent [8]. Thus, a similar mechanism of
antibody-dependent cytotoxicity might account for isonia-
zid-related PRCA.

Autoimmune diseases such as SLE or MG can be associ-
ated with the pathogenesis of PRCA. Mizobuchi et al. [9]
reviewed 28 published cases of PRCA that were compli-
cated with MG and thymoma. Although MG could be
complicated with PRCA with or without a thymoma, a
T cell-mediated immunological response is assumed in
both cases. The association between PRCA and SLE is rel-
atively rare. Habib et al. [10] reported that most of the cases
of PRCA were diagnosed after, or concomitantly with, the
diagnosis of SLE. However, the characteristics of SLE
were reported to be similar despite the diagnosis of PRCA.
As to the mechanism of PRCA in SLE, a T cell-mediated
immune response is a possibility in both SLE and MG. In
support of this idea, Arcasoy et al. [11] conducted hemato-
poietic progenitor cell assays in which the defect of burst-
forming unit-erythroid colony formation was restored by
T cell depletion.

Preferential utilization of CyA for treatment of PRCA
has been established due to its effectiveness. A nationwide
cohort study of CyA treatment for acquired PRCA was
done in Japan [12]. The results showed a sustained, relapse-
free survival in CyA-containing regimens compared to
treatment with corticosteroid alone. CyA has the potential
to inhibit T cell activation through inhibition of nuclear
translocation of the nuclear factor of activated T cells (NF-
AT). Thus, in our case, T cell-mediated cytotoxicity of the
underlying autoimmune mechanism might be an appropri-
ate indication.

In summary, the present case of PRCA is thought to be
triggered by isoniazid due to its clinical course. Consider-
ing the prolonged recovery period after administration of
isoniazid, we insist that existence of both MG and SLE

protracted the course of PRCA based on a T cell-mediated
mechanism in our case. Therefore, isoniazid would be
merely an inducer of T cell-mediated cytotoxicity. Addi-
tional studies of drug-related PRCA under the presence of
autoimmune diseases are required to elucidate the mecha-
nism of action in isoniazid-induced PRCA.
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Abstract A total of 120 patients with high-risk myelo-
dysplastic syndrome (MDS) and AML progressed from
MDS (MDS-AML) were registered in a randomized
controlled study of the Japan Adult Leukemia Study
Group (JALSG). Untreated adult patients with high-risk
MDS and MDS-AML were randomly assigned to receive
either idarubicin and cytosine arabinoside (IDR/Ara-C)
(Group A) or low-dose cytosine arabinoside and aclaru-
bicin (CA) (Group B). The remission rates were 64.7%
for Group A (33 of 51 evaluable cases) and 43.9% for
Group B (29 out of 66 evaluable cases). The 2-year
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overall survival rates and disease-free survival rates were
28.1 and 26.0% for Group A, and 32.1 and 24.8% for
Group B, respectively. The duration of CR was
320.6 days for Group A and 378.7 days for Group B.
There were 15 patients who lived longer than 1,000 days
after diagnosis: 6 and 9 patients in Groups A ‘and B,
respectively. However, among patients enrolled in this
trial, intensive chemotherapy did not produce better sur-
vival than low-dose chemotherapy. In conclusion, it is
necessary to introduce the first line therapy excluding the
chemotherapy that can prolong survival in patients with
high-risk MDS and MDS-AML.
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1 Introduction

Myelodysplastic syndrome (MDS) is a group of disorders
in which abnormalities occur at the level of hematopoietic
stem cells [1], leading to disturbance in the production of
blood cells characterized by ineffective hematopoiesis [2],
decrease in the number of peripheral blood cells and
morphological/functional abnormalities in blood cells [3].
Allogeneic hematopoietic cell transplantation (allo-HCT)
is the most effective curative therapy for acute myeloid
leukemia (AML) and myelodysplastic syndromes (MDS)
[4]. However, for patients with high-risk MDS (those with
refractory anemia with excess of blasts in transformation
(RAEB)-t and some patients with RAEB) and patients with
acute myeloid leukemia progressed from MDS (MDS-
AML), chemotherapy aimed at remission is being used.
The reasons for this are that MDS often affects elderly
people [5], suitable donors are not always available at the
time of disease onset, the necessity of pretransplant con-
ditioning chemotherapy is controversial [6, 7] with a lack
of sufficient evidence, and the optimal timing for trans-
plantation varies widely depending on disease type [8).

On the other hand, reduced-intensity conditioning has
extended the use of allo-HSCT to patients otherwise not
eligible for this treatment due to older age or frailty [9].
However, allo-HSCT using traditional myeloablative pre-
parative regimens is not easily tolerated by the elderly or
frailer patient, and may lead to prohibitive treatment-rela-
ted mortality rates. Most patients treated in the past were
younger and devoid of comorbid clinical conditions. Novel
reduced-intensity regimens have recently made allogeneic
transplants applicable to the elderly, providing the benefit
of the graft-versus-leukemia effect to a larger number of
patients in need [10].

Low-dose chemotherapy, which has been used in clini-
cal practice for 20 years, reduces the number of myelo-
blasts, improves pancytopenia and induces remission not
only in MDS patients but also in some MDS-AML patients
[11]. Common antineoplastic agents used in low-dose
chemotherapy include cytosine arabinoside (Ara-C), acla-
rubicin (ACR), melphalan and etoposide. Nevertheless,
despite improved Ara-C and regimens, the prognosis of
AML in patients beyond 60 years of age remains dismal
[4]). Low-dose antineoplastic drug therapy is still being
used in some patients with MDS, which is common in
elderly people, especially when the patient is at risk due to
poor general condition or organ disorder [12].

The Japan Adult Leukemia Study Group (JALSG)
previously conducted a pilot study for the treatment of
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high-risk MDS and MDS-AML to compare low-dose
monotherapy with low-dose Ara-C plus granulocyte col-
ony-stimulating factor (G-CSF) and multiple drug therapy
with Ara-C plus Mitoxantrone plus VP-16. Later, JALSG
conducted studies using a single protocol (JALSG MDS96)
in 1996, in which remission induction and post-remission
therapies using Ara-C and IDR in patients with high-risk
MDS (RAEB-t) and in those with MDS-AML were per-
formed, after which the efficacy and safety of these ther-
apies were evaluated [13]. Furthermore, a randomized
controlled study (JALSG MDS200) of intensive chemo-
therapy (IDR/Ara-C) or low-dose chemotherapy (CA) for
high-risk MDS was also performed by JALSG.

Here, we present and analyze the results of the JALSG
MDS200 study to assess and evaluate the validity of the
MDS200 protocol for MDS treatment.

2 Patients and methods
2.1 Patient eligibility

A total of 120 patients were initially registered into the
JALSG MDS200 study between June 2000 and March
2005. They were assigned into two groups, namely, Groups
A and B (Table 1). Patients aged 15 years or more and
diagnosed as having high-risk RAEB with high Interna-
tional Prognostic Scoring System score [14], RAEB-t or
MDS-AML were eligible for this study. MDS-AML
denotes secondary AML transformed from MDS.

Other eligibility criteria were as follows: patients with a
performance status (PS) of 0-2 (ECOG); patients whose
key organs other than the bone marrow retain intact func-
tion; patients who have not undergone any chemotherapy,
except for pretreatment that does not affect the outcome of
the main therapy; and patients who have given informed
consent. Informed conseni was obtained after carefully
explaining the protocol and before registration.

2.2 Study protocol

The MDS200 protocol (Fig. 1) was designed based on the
results of MDS96, and involved a dose-attenuvation plan
and allowed a wider range of chemotherapy. Patients were
randomly assigned to either Group A or B,

In therapy A, the dose was adjusted according to a dose
attenuation plan based on the presence of risk factors. The
following 3 factors were regarded as risk factors: (1) Age
(=60 years), (2) hypoplastic bone marrow and (3) PS > 2.
Patients with no risk factor received the standard dose,
those with 1 risk factor received 80% of the dose and those
with 2 or more risk factors received 60% of the dose
{equivalent to the dose of MDS96). In therapy B, the use of
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Table 1 Characteristics of patients

Group A (n=53) B (n = 67) P value (A vs. B)
Age (range) 63 23-77) 61 (32-81) 0.505
Gender
Male 37 52 0332
Female 16 15
Disease type
HR-RAEB 4 11 0.269
RAEB-T 22 29
MDS-AML 27 27
Infection
Presence 10 11 0.726
None 43 56
Karyotype®
Good 23 (44.2%) n = 52 21 (33.9%) n = 62 0.524
Int 11 (21.2%) 15 (24.2%)
Poor 18 (34.6%) 26 (41.9%)
PB (range)
WBC (/uL) 2,500 (700-64,240) 2,720 (600-43,700) 0.665
Hb (g/dL) § (4.7-12.6) 79 (4.4-12.7Yn = 66 0.562
Plt (/uL) 5.8 (0.2-31.4) 5.9 (0.5-36.7) 0.363
BM (range)
Blast (%) 30 (4-95)n =51 24.2 (1.9-96) n = 66 0.171
Biochemical data (range)
LDH (IU/L) 296 (132-882) 303.5 (111-906) n = 66 0.998
CRP (mg/dL) 0.5 (0-20.2) 035 (0-11.7) n = 66 0.292

Patients who met all of the inclusion criteria and did not meet any of the stated exclusion criteria were included the study. The disease types were

classified by FAB classification

Statistical analysis between Group A and Group B was done using x° test or Mann-Whitney U-test

MDS myelodysplastic syndrome, HR-RAEB high risk-refractory anemia excess of blasts with high International Prognostic Scoring System
Score, RAEB-T refractory anemia excess of blasts in transformation, MDS-AML MDS overt leukemia, WBC white blood cell, Hb hemoglobin,
Pt platelet, LDH lactate dehydrogenase, CRP C-reactive protein, PB peripheral blood, BM bone marrow

* Shows IPSS risk

Remission induction therapy

Therapy A (IDR+Ara-C)

day 1 2 3456 7
Ara-C 100mg/m? continuons, iv. L A A A
IDR  12mg/m? 30 min. iv. Vo
Therapy B (CA therapy) day 1 2 345 6 7 ... 14
Ara-C 10mg/m2/12h  subcutaneous injection N i
ACR 14mg/m2/day 30 min.iv. I )

Consolidation, maintenance and intensification therapies
These therapies were performed in accordance with the JALSG MDS96 protocol both in groups A and B

Fig. 1 Japan Adult Leukemia Study Group—myelodysplastic syn-
drome (JALSG MDS200 Protocol). In therapy A, the dose was
adjusted according to a dose attenuation plan based on the presence of
risk factors. The following 3 factors were regarded as risk factors: (1)
Age (=60 years), (2) hypoplastic bone marrow and (3) PS > 2.
Patients with no risk factor received the standard dose, those with 1

risk factor received 80% of the dose, and those with 2 or more risk
factors received 60% of the dose (equivalent to the dose of MDS-96).
In therapy B, the use of CAG therapy involving co-administration of
G-CSF was allowed. /DR idarubicin, Ara-C cytosine arabinoside,
ACR aclarubicin, G-CSF granulocyte colony-stimulating factor, iv
intravenous injection, min minutes
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